The movement of subcellular calcium in the bile pool of hepatocyte was investigated after a single intraperitoneal administration of calcium chloride in rats. The administration of calcium (4.0 mg/100 g BW) produced a remarkable elevation of serum calcium and a corresponding increase in liver calcium. The calcium taken by the liver cells at 10 min after calcium administration was markedly located into the nuclei, mitochondria and microsomes, and this distribution was not accompanied by a significant elevation in the cytosol level. At 20 min after calcium administration, the calcium increase above the subcellular structure was clearly reduced.
It is well known that bone, kidneys and intestine are the regulatory organs of calcium metabolism in mamals. Recently, it has been reported that the liver participates in calcium metabolism. Calcitonin, a calciumregulating hormone, increases the calcium concentration in the liver (Yamaguchi et al., 1975) and stimulates the calcium excretion into the bile of rats (Yamaguchi and Yamamoto, 1978) . From the results of these studies, it is suggested that the excretion of calcium into the bile through the liver from the blood plays a physiological role in the regulalion of calcium metabolism. However, the metabolism of intracellular calcium in the liver is not yet fully understood. The study was therefore undertaken to investigate the correlation between calcium metabolism in the liver celles and calcium excretion into the bile of rats intraperitoneally administered calcium chloride. We found that the calcium taken by the liver cells is excreted into the bile.
Materials and Methods

Animals
Male Wistar rats, weighing approximately 120 g , were used. The animals were fed commercial laboratory chow containing 1.1% calcium and 1.1% phosphate (Oriental Test Diet Co., Ltd., Tokyo) and tap water ad libitum.
Drug
Calcium chloride was dissolved in demineralized water to concentrations of 1.0, 2.0 and 4.0 mg Ca/ml AND SUGII 
Results
The effect of increasing amounts of calcium chloride on the serum and liver calcium is shown in Fig. 1 . The animals were killed 10 min, after the administration of calcium chloride. The serum calcium was significantly increased by the administration of 2.0 and 4.0 mg Ca/100 g BW but not significantly by 1.0 mg Ca/100 g. The liver calcium was significantly elevated even at the lowest dose (1.0 mg Ca/100 g). With the higher doses, the liver calcium increased markedly.
The effect of increasing amounts of calcium chloride on the calcium content in the subcellular fraction of liver is shown in the administration of calcium (1.0, 2.0 and 4.0 mg Ca/100 g), while that in the cytosol fraction was not significantly elevated by any of the doses. The time course of alteration of the serum and liver calcium after the administration of calcium chloride (4.0 mg Ca/100 g) is sho in in Fig. 2 . The results show that, as early as 10 min after calcium administration, there was the increase in serum and liver calcium. The serum and liver calcium reached a maximum at 10 min, and decreased rapidly 20 min after calcium administration.
The liver calcium significantly increased even at 90 min after calcium administration.
The time course of alteration of the calcium content in the subcellular fraction of liver after the administration of calcium chloride (4.0 mg Ca/100 g) is shown in Table 2 . The maximum increase in the calcium content in the plasma membrane, nuclei, mitochondria and microsome fraction was observed 10 min after calcium administration. The plasma membrane calcium returned to normal levels 20 min after calcium administration.
The nuclei and mitochondria calcium began to decrease at 20 min after calcium administration, but significantly increased even at 90 min. The microsomes calcium increase was gradually reduced, and returned to the normal level 60 min after calcium administration. The cytosolic calcium was not significantly increased by the administration of calcium. The effect of thyroparathyroidectomy (TPTX) on the changes in serum and liver calcium after calcium (4.0 mg Ca/100 g) administration was examined (Table 3) . Calcium administration in intact rats caused a marked increase in both serum and liver calcium. TPTX caused a remarkable fall in serum calcium of intact rats, while liver calcium was increased. The administration of calcium in thyroparathyroidectomized rats produced a marked augmentation of serum calcium and a slight but significant elevation of liver calcium. However, the degree of increase in liver calcium caused by calcium administration in thyroparathyroidectomized rats was much less than that in intact rats.
The change in bile calcium after the administration of calcium chloride (4.0 mg Ca/100 g) is shown in Fig. 3 . The amount of bile calcium was not significantly increased 10 min after calcium administration in intact rats, and then it was markedly elevated between 10 and 20 min after calcium administration.
In the thyroparathyroidectomized rats, on the other hand, the calcium administration had no effect on the bile calcium excretion. 
Discussion
We reported earlier that calcitonin (CT), a calcium-regulating hormone, causes an increase in calcium in the liver (Yamaguchi et al., 1975 ) and a stimulation of calcium excretion into the bile of rats (Yamaguchi and yamamoto 1978) . More recently we suggested that endogenous CT regulates calcium metabolism in the hepatic bile system of rats (Yamaguchi, 1980) . However, the movement of subcellular calcium in the bile pool of hepatocyte had not been fully uuderstood.
In the present study, the alteration in the amount of calcium in the subcellular fraction of the liver was investigated after a single intrapertioneal administration of calcium chloride in rats. The administration of calcium produced a remarkable increase in serum calcium and a corresponding elevation of liver calcium. The calcium increased in the liver cells at 10 min after calcium administration was markedly located in the subcellular construction, i. e. nuclei, mitochondria and microsomes, although the calcium in the cytosol was not increased significantly. These results indicate that the calcium taken by the liver cells was rapidly sequestrated by the subcellular construction. However, calcium, which increased in the subcellular construction 10 min after calcium administration, was markedly decreased 20 min after that time. This fact shows that an increase in calcium in the subcellular construction after calcium administration was rapid, but temporary.
It appears that the nuclei, mitochondria and microsomes promptly sequestrate calcium which entered the liver cells to maintain homeostasis of calcium in the cytosol, and after that the calcium is rel eased.
On the other hand, thyroparathyroidectomy (TPTX) caused a fall in serum calcium and a slight increase in liver calcium. The decrease in serum calcium after TPTX may result from the depletion of parathyroid hormone (PTH) which induces the elevation of the serum calcium level. TPTX may also increase liver calcium, since Ca-ATPase activity in the plasma membrane of rat liver which is related to calcium efflux from intracellular to extracellular is decreased by TPTX (Yamaguchi, 1980) . Presumably, an increase in liver calcium caused by TPTX is not dependent on the action of CT or PTH from thyroid or parathyroid glands.
The serum calcium in intact and thyroparathyroidectomized rats was markedly elevated by calcium administration.
However, the liver calcium increase following calcium administration in intact rats was much more than that in thyroparathyroidctomized rats. Thus an inhibitory effect of TPTX on the increase in liver calcium after calcium administration is not dependent on a change in serum calcium. These results suggest that endogenous CT mainly participates in an increase in liver calcium after calcium administration, since a rapid increase in serum calcium mainly causes a secretion of CT from thyroid glands to regulate calcium homeostasis in the serum of rats (Broulik and Pocorsky, 1973) . In fact, CT increases liver calcium in intact and thyroparathyroidectomized rats (Yamaguchi et al., 1975; Yamaguchi, 1980) . It is assumed that the effect of endogenous CT on liver calcium is exhibited rapidly after calcium administration.
The bile calcium was not significantly increased 10 min after calcium administration but was markedly elevated between 10 min after calcium administration, but was markedly elevated between 10 and 20 min. This increase was not produced in thyroparathyroidectomized rats, suggesting that endogenous CT induces an excretion of calcium into the bile, since it was previously reported that an increase in bile calcium excretion is prevented by TPTX and is markedly restored by CT (Yamaguchi and Yamamoto, 1978; Yamaguchi, 1980 
